Membrane localization of the ToxR winged-helix domain is required for TcpP-mediated virulence gene activation in Vibrio cholerae.
ToxR is a bitopic membrane protein that controls virulence gene expression in Vibrio cholerae. Its cytoplasmic domain is homologous to the winged helix-turn-helix ('winged helix') DNA-binding/transcription activation domain found in a variety of prokaryotic and eukaryotic regulators, whereas its periplasmic domain is of ill-defined function. Several genes in V. cholerae are regulated by ToxR, but by apparently different mechanisms. Whereas ToxR directly controls the transcription of genes encoding two outer membrane proteins, OmpU and OmpT, it co-operates with a second membrane-localized transcription factor called TcpP to activate transcription of the gene encoding ToxT, which regulates transcription of cholera toxin (ctxAB) and the toxin-co-regulated pilus (tcp). To determine the requirements for gene activation by ToxR, different domains of the protein were analysed for their ability to control expression of toxT, ompU and ompT. Soluble forms of the cytoplasmic winged-helix domain regulated ompU and ompT gene expression properly but did not activate toxT transcription. Membrane localization of the winged helix was sufficient for both omp gene regulation and TcpP-dependent toxT transcription, irrespective of the type of periplasmic domain or even the presence of a periplasmic domain. These results suggest that (i) the major function for membrane localization of ToxR is for its winged-helix domain to co-operate with TcpP to activate transcription; (ii) the periplasmic domain of ToxR is not required for TcpP-dependent activation of toxT transcription; and (iii) membrane localization is not a strict requirement for DNA binding and transcription activation by ToxR.